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593. 
A SHEEPSHANKS’ PROBLEM (1866). 


[From the Messenger of Mathematics, vol. Iv. (1875), pp. 34—36.] 


ArrLY the formule of elliptic motion to determine the motion of a body let fall 
from the top of a tower at the equator. 


The earth is regarded as rotating with the angular velocity œ round a fixed axis, 
so that the body is in fact projected from the apocentre with an angular velocity =; 
and we write a for the equatorial radius, 8 for the height of the tower; then g 
denoting the force of gravity, and pu, h, n, a, e, 0, as in the theory of elliptic motion, 
we have 


p= wë =gæ, 
h=(a +8 o =na y(1 — e), 
a+8 =a(l+e); 
whence 
(a + BY w = gaa (1 — e), 
(@+B) = a(l+e), 
3 
Cte L(y +£) = 1 Da 
ga g a 
where m = ratio of centrifugal force to gravity, 
=shy> 


so that 1 — e is small; 
=- a-@) _(a+8)(1—e) 
l—ecos@’ 1l—ecosé ’ 


whence 


_(@+8) (1-6) 
ae 


1-—ecos@ 
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Suppose 


r= a, 
1 —ecos @=(1—e)(1 +2) a1 ~e+2 1-0), 
which is nearly 
=l-e, 


that is, 0 is small, and therefore approximately 


1—e+$e@=1-e+% (1-0) 


or 
Q= 28 l-e. 
ay ig tet 

we then have 


aii = Mlin Oe BAe) 
dé = hdt, or Oe kh ar Beat eee 


e (1 -eF 
~ @? (1 — e cos 6) 


ue (1 -eF 


we TES ies 


that is, 


Integrating, we have 


where wt= earth’s rotation in time ¢, =¢ suppose; therefore 


o1- $< )ag, 


hence, if @ be as above, the angle described in falling to the surface, 
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Writing herein 


ae, =l1-e, Fo 
this is 
w? è w 
E T S E) 
viz. 
3 2 
s-sa oe: 
whence 
0-0-22 JOs 
or say 


A T, 


where a(@—@) is the distance at which the body falls from the foot of the tower. 
Substituting for si bel its value, = 7, we have 


GOP A/G), = 0884/8). 


31—2 
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